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A primary controller determines an expected discharge power value of 3610
energy storage units in N direct current coupling units

storage unit 1in each of the N direct current coupling units based on first 5620
characteristic information of the energy storage unit 1n each direct current
coupling unit
b e |
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A primary controller determines an expected charging power value of energy Q710
storage units 1n N direct current coupling units

The primary controller determines theoretical charging power of an energy
storage unit in each of the N direct current coupling units based on first 5720
characteristic information of the energy storage unit in each direct current

coupling unit

The primary controller obtains a charging power limit of the energy storage :(\/ Q730
unit in each direct current coupling unit |

The primary controller determines actual charging power of the energy Q740

storage unit 1n each direct current coupling unit

. . . N
The primary controller determines a power reference value of an mverter unit

|
| | S750
: in each direct current coupling unit r\/
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A primary controller determines
actual charging power allocated to an
energy storage unit in each direct
current coupling unit

SS10

The primary controller determines
remaining power of an energy unit in S320
each direct current coupling unit

The primary controller determines

remaining power of N first direct 5830
current coupling units
O<N,;<N The primary controller determines S840

power allocation based on the N,
direct current coupling units

5842

The pnimary controller determines a
surplus power on-grid capability S841
reference value of the second direct
current coupling unit

Determine power to be output by a
second direct current coupling unit

to the first direct current coupling
unit

The pnimary controller determines a
surplus power on-grid power S850

reference value of each second direct
current coupling unit

FIG. 10



U.S. Patent Aug. 12, 2025 Sheet 9 of 9 US 12,388,265 B2

Control device

Processor
1110

Communication
Memory 1130 interface
1120

FIG. 11



US 12,388,265 B2

1

POWER SYSTEM AND CONTROL METHOD
FOR POWER SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation of International Patent Application
No. PCT/CN2021/114791 filed on Aug. 26, 2021, which is
hereby incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

This application relates to the field of power systems, and
in particular, to a power system and a control method for a
power system.

BACKGROUND

A power system may 1nclude a power generation system
and an energy storage system. The power generation system
may output electric energy for use by a local load, or may
provide converted electric energy to the energy storage
system for storage, or provide electric energy to a power
orid. In an application scenario of the power system, electric
energy output by a power supply system meets requirements
of the local load and the energy storage system, and then
electric energy 1s provided to the power grid, to increase a
self-generation and self-consumption rate and reduce impact
on the power grid.

In a process of outputting or inputting electric energy in
the power system, real-time charging/discharging capability
information of each component in the power system 1s not
considered, which 1s likely to cause improper allocation of
electric energy to some components 1n the power system.
Consequently, a service life of a key component 1n the power
system 1s affected, and relhability of the power system 1s
reduced. Therefore, a power system and a control method for
a power system are urgently needed, to improve running
reliability of the power system.

SUMMARY

This application provides a control method for a power
system, so that real-time charging/discharging capability
information of each component in a power system can be
considered 1n a process of outputting or 1nputting electric
energy in the power system, to implement proper allocation
of electric energy to some components in the power system,
sO as to improve running reliability of the power system.

According to a first aspect, a power system 1s provided.
The power system includes a primary controller and N direct
current coupling units. The N direct current coupling units
are configured to provide electric energy to a load. Each of
the N direct current coupling units includes an energy
storage unit. The energy storage unit 1s configured to store
electric energy or provide electric energy to the load. Herein,
N 1s a positive integer. The primary controller 1s configured
to determine an expected discharge power value of energy
storage units 1n the N direct current coupling units, where
the expected discharge power value 1s a power value that 1s
determined by the primary controller and that indicates
power that needs to be discharged by the energy storage
units 1n the N direct current coupling units, and determine
actual discharge power of the energy storage unit 1n each
direct current coupling unit based on the expected discharge
power value and first characteristic information of the
energy storage unit in the direct current coupling unit, where
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2

the first characteristic information indicates a real-time
charging/discharging capability of the energy storage unit in
each direct current coupling unit, and the actual discharge
power 1s discharge power allocated to the energy storage
unit 1n each direct current coupling unit.

According to the solution 1n this application, the primary
controller in the power system may obtain the power value
that currently indicates power that needs to be discharged by
the energy storage units 1in the N direct current coupling
units, namely, the expected discharge power value of the
energy storage units, and the primary controller allocates the
actual discharge power of the energy storage unit to each
direct current coupling unit based on the expected discharge
power value of the energy storage units. In this process, the
real-time charging/discharging capability of the energy stor-
age unit 1n each direct current coupling unit 1s considered,
and the actual discharge power of the energy storage unit 1n
each direct current coupling unit 1s properly allocated. In this
way, a life cycle of a power device in the power system can
be extended, and running reliability of the power system can
be 1mproved.

With reference to the first aspect, 1n some 1mplementa-
tions of the first aspect, the first characteristic information 1s
represented by at least one of the following parameters: a
state of charge (SOC) of an energy storage battery in the
energy storage unit, a state of health (SOH) of the energy
storage battery, and a capacity of the energy storage battery.

With reference to the first aspect, in some 1mplementa-
tions of the first aspect, the primary controller 1s further
configured to determine theoretical discharge power of the
energy storage unit in each direct current coupling unit based
on the expected discharge power value and the first charac-
teristic information of the energy storage unit in the direct
current coupling unit, obtain a discharge power limit of each
direct current coupling unit, where the discharge power limit
1s a limit of power that can be output by the energy storage
unit 1n each direct current coupling unit, and determine
actual discharge power of each direct current coupling unit
based on the theoretical discharge power and the discharge
power limit.

With reference to the first aspect, in some 1mplementa-
tions of the first aspect, the primary controller 1s further
configured to determine the theoretical discharge power of
the energy storage unit based on the following formula:

(1 —SOC,)-SOH,; - CAPACITY,
P bat_discharge_1 1 =F bat_discharge_sum -
Z (1 — SOC;)- SOH; - CAPACITY;

where Py, sischaree 1 : TEPresents theoretical discharging
power of an energy storage unit in an i” direct current
coupling unit 1n the N direct current coupling units,
Py.: discharge sum TEDPTESENLS an expected discharging power
value of the energy storage units 1n the N direct current
coupling units, SOC, represents an SOC of an energy storage
battery in the energy storage unit in the i” direct current
coupling unit, SOH. represents an SOH of the energy storage
battery in the i direct current coupling unit, CAPACITY,
represents a capacity of the energy storage battery in the i
direct current coupling unit, and 1<1<N.

With reference to the first aspect, 1n some 1mplementa-
tions of the first aspect, each direct current coupling unit
further includes an energy unit, the energy unit 1s configured
to generate electric energy, and the primary controller is
further configured to determine that a sum of maximum
discharge power of energy units in all the direct current
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coupling units 1s less than required power of the load, and
determine to allocate the expected discharge power value to
the energy storage units 1n the N direct current coupling
units.

With reference to the first aspect, in some 1mplementa-
tions of the first aspect, each direct current coupling unit
further includes an inverter unit, the inverter unit 1s config-
ured to receive, through a direct current bus, electric energy
output by the energy storage unit, and provide electric
energy to the load after performing direct current-to-alter-
nating current conversion on the electric energy, and the
primary controller 1s further configured to determine a
smallest value 1n the following parameters as the actual
discharge power of each direct current coupling unit: the
theoretical discharge power of the energy storage unit in
each direct current coupling unit, the discharge power limit
of each direct current coupling unit, and a first power value
of each direct current coupling unit, where the first power
value 1s a maximum value of power that can be output by the
inverter unit 1n each direct current coupling unit.

With reference to the first aspect, in some 1mplementa-
tions of the first aspect, the primary controller 1s configured
to allocate theoretical discharge power to M of the N direct
current coupling units, where the M direct current coupling
units are all or some of the N direct current coupling units,
and the primary controller 1s further configured to perform
a plurality of rounds of iterative calculation, to determine
actual discharge power of each of the M direct current
coupling units, where each of the plurality of rounds of
iterative calculation includes determining N1 first direct
current coupling units, where the first direct current coupling
unit 1s a direct current coupling unit whose theoretical
discharge power 1s greater than a discharge power limit 1n
the M direct current coupling units, N1 1s a positive integer,
and O<N1<M, determining that discharge power limits of the
N1 first direct current coupling units are actual discharge
power of the N1 first direct current coupling units, deter-
mining, by the primary controller, that the expected dis-
charge power value of the energy storage units in the N
direct current coupling units 1s decreased by a sum of actual
discharge power of energy storage units 1n the N1 first direct
cuwrrent coupling units, and determining, by the primary
controller, to allocate actual discharge power to an energy
storage unit 1n a second direct current coupling unit, where
the second direct current coupling unit includes a direct
current coupling unit to which no actual discharge power 1s
allocated in the M direct current coupling unats.

With reference to the first aspect, in some 1mplementa-
fions of the first aspect, the primary controller 1s further
configured to determine that theoretical discharge power
values of all of the M direct current coupling units are less
than discharge power limits corresponding to the M direct
current coupling units, and determine that actual discharge
power of the M direct current coupling units 1s the theoreti-
cal discharge power corresponding to the M direct current
coupling units.

According to a second aspect, a power system 1s provided.
The power system 1ncludes a primary controller and N direct
current coupling units. The N direct current coupling units
are configured to provide electric energy to a load. Each of
the N direct current coupling units includes an energy
storage unit. The energy storage unit 1s configured to store
electric energy. Herein, N 1s a positive integer. The primary
controller 1s configured to determine an expected charging
power value of energy storage units in the N direct current
coupling units, where the expected charging power value 1s
a charging power value that 1s determined by the primary
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controller and that can be provided to the energy storage
units 1n the N direct current coupling units, and determine
actual charging power of the energy storage unit in each
direct current coupling unit based on the expected charging
power value and first characteristic information of the
energy storage unit in the direct current coupling unit, where
the first characteristic information indicates a real-time
charging/discharging capability of the energy storage unit in
each direct current coupling unit, and the actual charging
power 1s charging power allocated to the energy storage unit
in each direct current coupling unit.

With reference to the second aspect, in some 1mplemen-
tations of the second aspect, the first characteristic informa-
tion 1s represented by at least one of the following param-
eters: an SOC of an energy storage battery in the energy
storage unit, an SOH of the energy storage battery, and a
capacity of the energy storage battery.

With reference to the second aspect, in some 1mplemen-
tations of the second aspect, the primary controller 1s further
configured to determine theoretical charging power of the
energy storage unit in each direct current coupling unit based
on the expected charging power value and the first charac-
teristic information of the energy storage unit in the direct
current coupling unit, obtain a charging power limit of each
direct current coupling unit, where the charging power limit
1s a limit of power that can be input to the energy storage unit
in each direct current coupling unit, and determine actual
charging power of each direct current coupling unit based on
the theoretical charging power and the charging power limit.

With reference to the second aspect, 1n some 1mplemen-
tations of the second aspect, the primary controller 1s further
configured to determine the theoretical charging power of
the energy storage unit based on the following formula:

(1 = SOC;)- SOH, - CAPACITY,
Pbaa‘_::harge_l_f — Pbaa‘_::harge_sum .
> (1 -S0C))-SOH; - CAPACITY,

where P, .,.... 1 ; represents theoretical charging power
of an energy storage unit in an i” direct current coupling unit
in the N direct current coupling units, Py, 1.rce sum TEDTE-
sents the expected charging power value of the energy
storage units 1n the N direct current coupling units, SOC.
represents an SOC of an energy storage battery in the energy
storage unit in the i”* direct current coupling unit, SOH,
represents an SOH of the energy storage battery in the i
direct current coupling unit, CAPACITY, represents a capac-
ity of the energy storage battery in the i direct current
coupling unit, and 1<1<N.

With reference to the second aspect, in some 1mplemen-
tations of the second aspect, each direct current coupling
unit further includes an energy unit, the energy unit i1s
configured to generate electric energy, and the primary
controller 1s further configured to determine that a sum of
maximum discharge power of energy units in all the direct
current coupling units 1s greater than required power of the
load, and 1s less than a sum of the required power of the load
and required charging power of the energy storage units in
all the direct current coupling units, and determine to
allocate the expected charging power value to the energy
storage units in the N direct current coupling units.

With reference to the second aspect, in some 1mplemen-
tations of the second aspect, each direct current coupling
unit further includes an inverter unit, the inverter unit 1s used
for the energy storage unit to absorb electric energy, and the

primary controller 1s further configured to determine a
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smallest value 1n the following parameters as the actual
charging power of each direct current coupling unit: a
theoretical charging power value of each direct current
coupling unit, the charging power limit of each direct current
coupling unit, and a second power value of each direct
current coupling unit, where the second power value 1s a
maximum value of power that can be 1nput to the inverter
unit 1n each direct current coupling unit.

With reference to the second aspect, in some 1mplemen-
tations of the second aspect, the primary controller 1s further
configured to perform a plurality of rounds of iterative
calculation, to determine actual charging power of each of M
direct current coupling units, where each of the plurality of
rounds of iterative calculation includes determining N1 first
direct current coupling units, where the first direct current
coupling unit 1s a direct current coupling unit whose theo-
retical charging power 1s greater than a charging power limit
in the M direct current coupling units, N1 1s a posifive
integer, and O<NI1<M, determining that actual charging
power of the N1 first direct current coupling units 1s charg-
ing power limits of the N1 first direct current coupling units,
determining that the expected charging power value of the
energy storage units in the N direct current coupling units 1s
decreased by a sum of actual charging power energy storage
units 1n the N1 first direct current coupling units, and
determining to allocate actual discharge power to an energy
storage unit 1n a second direct current coupling unit, where
the second direct current coupling unit includes a direct
current coupling unit to which no actual discharge power 1s
allocated in the M direct current coupling unats.

With reference to the second aspect, in some 1mplemen-
tations of the second aspect, the primary controller 1s further
configured to determine that theoretical charging power
values of all of the M direct current coupling units are less
than charging power limits corresponding to the M direct
current coupling units, and determine that actual charging
power of the M direct current coupling units 1s theoretical
charging power corresponding to the M direct current cou-
pling units.

According to a third aspect, a power system 1s provided.
The power system 1ncludes a primary controller and N direct
current coupling units. The N direct current coupling units
are configured to supply power to a load and a power grid.
Each of the N direct current coupling units includes an
energy unit, an energy storage unit, and an inverter unit. The
energy unit 1s configured to generate electric energy. The
energy storage unit 1s configured to store the electric energy
generated by the energy unit. The inverter unit 1s configured
to receive, through a direct current bus, electric energy
output by the energy unit, and provide electric energy to the
load and the power grid after performing direct current-to-
alternating current conversion on the electric energy. Herein,
N 1s a positive integer. The primary controller 1s configured
to determine remaining power of the energy unit in each of
the N direct current coupling units, where the remaining
power 1ncludes power remaining after each direct current
coupling unit provides electric energy to the energy storage
unit and the load, obtain an output power limit of each direct
current coupling unit, where the output power limit 1s a limait
of power that can be output by the inverter unit in each direct
current coupling unit, and determine a surplus power on-grid
power reference value of each direct current coupling unit
based on the remaining power and the output power limuit,
where surplus power on-grid power 1s power that 1s allo-
cated by the energy unit 1n each direct current coupling unit
and that 1s to be provided to the power grid.
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With reference to the third aspect, in some 1mplementa-
tions of the third aspect, the primary controller 1s further
configured to determine a surplus power on-grid capability
reference value of each direct current coupling unit based on
the remaining power and the output power limit, where the
surplus power on-grid capability reference value indicates a
maximum value of power that can be output by each direct
current coupling unit to the power grid, and determine the
surplus power on-grid power reference value of each direct
current coupling unit based on the surplus power on-grid
capability reference value and a limit of power that can be
received by the power grid.

With reference to the third aspect, 1n some 1implementa-
tions of the third aspect, the primary controller 1s further
configured to determine a smallest value in the following
parameters as the surplus power on-grid capability reference
value of each direct current coupling unit: the remaining
power of the energy unit in each direct current coupling unit
and the output power limit of each direct current coupling
unit.

With reference to the third aspect, 1n some 1implementa-
tions of the third aspect, the primary controller i1s further
configured to determine the surplus power on-grid power
reference value of each direct current coupling unit based on
the following formula:

Pﬂn_grfd_f
. Pﬂﬂ_grfd_f .
ZPﬂn_grfd_f

Pﬂn_grfd_r:gf_f = min [—Pﬂﬂg?‘fdfmf

where P, ... ,.r ; represents a surplus power on-grid power
reference value of an i”* direct current coupling unit in the N
direct current coupling units, P, ..., ; represents a surplus
power on-grid capability reference value, P, . ., ;.. repre-
sents the limit of power that can be received by the power
gnd, 2P, ..., represents a sum of surplus power on-grid
capability reference values of the N direct current coupling
units, and 1<1<N.

With reference to the third aspect, in some 1mplementa-
tions of the third aspect, the primary controller 1s further
configured to determine that maximum discharge power of
energy units in the N direct current coupling units 1s greater
than a sum of required power of the load and required
charging power of energy storage units in all the direct
current coupling units, and determine that actual charging
power allocated to the energy storage unit in each of the N
direct current coupling units 1s a charging power limit of the
energy storage unit, where the actual charging power 1s
charging power allocated to the energy storage unit in each
direct current coupling unit.

With reference to the third aspect, 1n some 1implementa-
tions of the third aspect, the primary controller 1s further
configured to determine power output by the energy unit 1n
each direct current coupling unit to the load, and determine
that power remaining after the energy unit in each direct
current coupling unit outputs the actual charging power to
the energy storage unit and outputs the power to the load 1s
the remaining power of the energy unit 1n each direct current
coupling unit.

With reference to the third aspect, 1n some 1implementa-
tions of the third aspect, the primary controller i1s further
configured to determine remaining power of a second direct
current coupling unit, where the second direct current cou-
pling unit 1s a direct current coupling unit, in the N direct
current coupling units, whose remaining power 1s greater

than O after the energy unit outputs power to the energy
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storage unit and the load, and determine that the remaining
power of the second direct current coupling unit 1s power
remaining aiter the energy unit outputs power to the energy
storage unit, the load, and a first direct current coupling unit,
where the first direct current coupling unit includes a direct
current coupling unit, in the N direct current coupling units,
whose remaining power 1s less than O after the energy unit
outputs power to the energy storage unit and the load.

According to a fourth aspect, a control method for a
power system 1s provided. The power system includes a
primary controller and N direct current coupling units. The
N direct current coupling units are configured to provide
electric energy to a load. Each of the N direct current
coupling units includes an energy storage unit. The energy
storage unit 1s configured to store electric energy or provide
electric energy to the load. Herein, N 1s a posifive integer.
The method includes the following. The primary controller
determines an expected discharge power value of energy
storage units 1n the N direct current coupling units, where
the expected discharge power value 1s a power value that 1s
determined by the primary controller and that indicates
power that needs to be discharged by the energy storage
units 1n the N direct current coupling units, and the primary
controller determines actual discharge power of the energy
storage unit 1n each direct current coupling unit based on the
expected discharge power value and first characteristic
information of the energy storage unit 1n the direct current
coupling unit, where the first characteristic information
indicates a real-time charging/discharging capability of the
energy storage unit 1n each direct current coupling unit, and
the actual discharge power 1s discharge power allocated to
the energy storage unit 1n each direct current coupling unit.

With reference to the fourth aspect, in some 1mplemen-
tations of the fourth aspect, the first characteristic informa-
fion 1s represented by at least one of the following param-
eters: an SOC of an energy storage battery in the energy
storage unit, an SOH of the energy storage battery, and a
capacity of the energy storage battery.

With reference to the fourth aspect, in some 1mplemen-
tations of the fourth aspect, the primary controller deter-
mines theoretical discharge power of the energy storage unit
in each direct current coupling unit based on the expected
discharge power value and the first characteristic informa-
tion of the energy storage unit in the direct current coupling
unit, the primary controller obtains a discharge power limit
of each direct current coupling unit, where the discharge
power limit 1s a limit of power that can be output by the
energy storage unit in each direct current coupling unit, and
the primary controller determines actual discharge power of
each direct current coupling unit based on the theoretical
discharge power and the discharge power limit.

With reference to the fourth aspect, in some 1mplemen-
tations of the fourth aspect, the primary controller deter-
mines the theoretical discharge power of the energy storage
unit based on the following formula:

(1 = SOC))-SOH; - CAPACITY,
Pbaa‘_dfscharge_l_f — Pbaa‘_dfscharge_sum -
Z (1 — SOC;)-SOH. - CAPACITY,

where P, sischaree 1 : T€Presents theoretical discharging
power of an energy storage unit in an i”* direct current
coupling unit in the N direct current coupling units, P, -
_discharge_sum Tepresents an expected discharging power
value of the energy storage units in the N direct current
coupling units, SOC. represents an SOC of an energy storage
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battery in the energy storage unit in the i” direct current
coupling unit, SOH, represents a SOH of the energy storage
battery in the i direct current coupling unit, CAPACITY,
represents a capacity of the energy storage battery in the i
direct current coupling unit, and 1<1<N.

With reference to the fourth aspect, in some 1mplemen-
tations of the fourth aspect, each direct current coupling unit
further includes an energy unit, the energy unit 1s configured
to generate electric energy, and before the primary controller
determines the expected discharge power value of the energy
storage units 1n the N direct current coupling units, the
method further includes the following. The primary control-
ler determines that a sum of maximum discharge power of
energy units i1n all the direct current coupling units 1s less
than required power of the load, and the primary controller
determines to allocate the expected discharge power value to
the energy storage units 1n the N direct current coupling
units.

With reference to the fourth aspect, in some 1mplemen-
tations of the fourth aspect, each direct current coupling unit
further includes an 1nverter unit, the inverter unit 1s config-
ured to receive, through a direct current bus, electric energy
output by the energy storage unit, and provide electric
energy to the load after performing direct current-to-alter-
nating current conversion on the electric energy, and the
primary controller determines a smallest value 1n the fol-
lowing parameters as the actual discharge power of each
direct current coupling unit: the theoretical discharge power
of the energy storage unit 1n each direct current coupling
unit, the discharge power limit of each direct current cou-
pling unit, and a first power value of each direct current
coupling unit, where the first power value 1s a maximum
value of power that can be output by the inverter unit in each
direct current coupling unit.

With reference to the fourth aspect, in some 1mplemen-
tations of the fourth aspect, the primary controller deter-
mines to allocate theoretical discharge power to M of the N
direct current coupling units, where the M direct current
coupling units are all or some of the N direct current
coupling units, and the primary controller performs a plu-
rality of rounds of 1iterative calculation, to determine actual
discharge power of each of the M direct current coupling
units, where each of the plurality of rounds of iterative
calculation 1ncludes determining, by the primary controller,
N1 first direct current coupling units, where the first direct
current coupling unit 1s a direct current coupling unit whose
theoretical discharge power 1s greater than a discharge
power limit in the M direct current coupling units, N1 1s a
positive integer, and O<KN1<M, determining, by the primary
controller, that discharge power limits of the N1 first direct
current coupling units are actual discharge power of the N1
first direct current coupling units, determining, by the pri-
mary controller, that the expected discharge power value of
the energy storage units 1n the N direct current coupling
units 1s decreased by a sum of actual discharge power of
energy storage units in the N1 first direct current coupling
units, and determining, by the primary controller, to allocate
actual discharge power to an energy storage unit in a second
direct current coupling unit, where the second direct current
coupling unit includes a direct current coupling unit to
which no actual discharge power 1s allocated 1n the M direct
current coupling units.

With reference to the fourth aspect, in some 1mplemen-
tations of the fourth aspect, the primary controller deter-
mines that theoretical discharge power values of all of the M
direct current coupling units are less than discharge power
limits corresponding to the M direct current coupling units,
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and the primary controller determines that actual discharge
power of the M direct current coupling units 1s the theoreti-
cal discharge power corresponding to the M direct current
coupling units.

According to a fifth aspect, a control method for a power
system 1s provided. The power system includes a primary
controller and N direct current coupling units. The N direct
current coupling units are configured to provide electric
energy to a load. Each of the N direct current coupling units
includes an energy storage unit. The energy storage unit 1s
configured to store electric energy. Herein, N 1s a posifive
integer. The method includes the following. The primary
controller determines an expected charging power value of
energy storage units 1n the N direct current coupling units,
where the expected charging power value 1s a charging
power value that 1s determined by the primary controller and
that can be provided to the energy storage units in the N
direct current coupling units, and the primary controller
determines actual charging power of the energy storage unit
in each direct current coupling unit based on the expected
charging power value and first characteristic information of
the energy storage unit in the direct current coupling unit,
where the first characteristic information indicates a real-
time charging/discharging capability of the energy storage
unit 1 each direct current coupling unit, and the actual
charging power 1s charging power allocated to the energy
storage unit 1n each direct current coupling unit.

With reference to the fifth aspect, in some 1mplementa-
tions of the fifth aspect, the first characteristic information 1s
represented by at least one of the following parameters: an
SOC of an energy storage battery in the energy storage unit,
an SOH of the energy storage battery, and a capacity of the
energy storage battery.

With reference to the fifth aspect, in some 1implementa-
tions of the fifth aspect, the primary controller determines
theoretical charging power of the energy storage unit in each
direct current coupling unit based on the expected charging
power value and the first characteristic information of the
energy storage unit 1in the direct current coupling unit, the
primary controller obtains a charging power limit of each
direct current coupling unit, where the charging power limit
1s a limit of power that can be input to the energy storage unit
in each direct current coupling unmit, and the primary con-
troller determines actual charging power of each direct
cuwrrent coupling unit based on the theoretical charging
power and the charging power limuit.

With reference to the fifth aspect, 1n some 1implementa-
tions of the fifth aspect, the primary controller determines
the theoretical charging power of the energy storage unit
based on the following formula:

(1 — SOC))-SOH, - CAPACITY,
Pbar_::harge_l_f — Pbm‘_charge_sum .
Z (1 — SOC;)-SOH. - CAPACITY,

where P, 5.0 1 ; represents theoretical charging power
of an energy storage unit in an i” direct current coupling unit
in the N direct current coupling units, Py, 10rce sum TEPIE-
sents the expected charging power value of the energy
storage units 1n the N direct current coupling units, SOC,
represents an SOC of an energy storage battery in the energy
storage unit in the i”* direct current coupling unit, SOH,
represents an SOH of the energy storage battery in the i
direct current coupling unit, CAPACITY, represents a capac-
ity of the energy storage battery in the i direct current

coupling unit, and 1<1<N.
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With reference to the fifth aspect, in some 1mplementa-
tions of the fifth aspect, each direct current coupling unit
further includes an energy unit, the energy unit 1s configured
to generate electric energy, and before the primary controller
determines the expected charging power value of the energy
storage units 1n the N direct current coupling units, the
method further includes the following. The primary control-
ler determines that a sum of maximum discharge power of
energy units 1n all the direct current coupling units 1s greater
than required power of the load, and 1s less than a sum of the
required power of the load and required charging power of
the energy storage units i1n all the direct current coupling
units, and the primary controller determines to allocate the
expected charging power value to the energy storage units 1n
the N direct current coupling units.

With reference to the fifth aspect, in some 1mplementa-
fions of the fifth aspect, each direct current coupling unit
further includes an inverter unit, the inverter unit i1s used for
the energy storage unit to absorb electric energy, and the
primary controller determines a smallest value 1n the fol-
lowing parameters as the actual charging power of each
direct current coupling unit: a theoretical charging power
value of each direct current coupling unit, the charging
power limit of each direct current coupling unit, and a
second power value of each direct current coupling unit,
where the second power value 1s a maximum value of power
that can be input to the 1nverter unit in each direct current
coupling unit.

With reference to the fifth aspect, in some 1mplementa-
tions of the fifth aspect, the primary controller performs a
plurality of rounds of iterative calculation, to determine
actual charging power of each of M direct current coupling
units, where each of the plurality of rounds of iterative
calculation includes determining, by the primary controller,
N1 first direct current coupling units, where the first direct
current coupling unit 1s a direct current coupling unit whose
theoretical charging power 1s greater than a charging power
limit 1n the M direct current coupling units, N1 1s a positive
integer, and O<KN1<M, determining, by the primary control-
ler, that actual charging power of the N1 first direct current
coupling units 1s charging power limits of the N1 first direct
current coupling units, determining, by the primary control-
ler, that the expected charging power value of the energy
storage units 1n the N direct current coupling units 1s
decreased by a sum of actual charging power energy storage
units 1 the N1 first direct current coupling units, and
determining, by the primary controller, to allocate actual
discharge power to an energy storage unit 1n a second direct
current coupling unit, where the second direct current cou-
pling unit includes a direct current coupling unit to which no
actual discharge power 1s allocated in the M direct current
coupling units.

With reference to the fifth aspect, in some 1implementa-
tions of the fifth aspect, the primary controller determines
that theoretical charging power values of all of the M direct
cuwrrent coupling units are less than charging power limits
corresponding to the M direct current coupling units, and the
primary controller determines that actual charging power of
the M direct current coupling units 1s theoretical charging
power corresponding to the M direct current coupling units.

According to a sixth aspect, a control method for a power
system 1s provided. The power system includes a primary
controller and N direct current coupling units. The N direct
current coupling units are configured to supply power to a
load and a power grid. Each of the N direct current coupling
units includes an energy unit, an energy storage unit, and an
inverter unit. The energy unit is configured to generate
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electric energy. The energy storage unit 1s configured to store
the electric energy generated by the energy unit. The inverter
unit 1s configured to receive, through a direct current bus,
electric energy output by the energy unit, and provide
electric energy to the load and the power grid after perform-
ing direct current-to-alternating current conversion on the
electric energy. Herein, N 1s a positive integer. The method
includes the following. The primary controller determines
remaining power of the energy unit in each of the N direct
current coupling units, where the remaining power includes
power remaining after each direct current coupling unit
provides electric energy to the energy storage unit and the
load, the primary controller obtains an output power limit of
each direct current coupling unit, where the output power
limit 1s a limit of power that can be output by the inverter
unit 1n each direct current coupling unit, and the primary
controller determines a surplus power on-grid power refer-
ence value of each direct current coupling unit based on the
remaining power and the output power limit, where surplus
power on-grid power 1s power that 1s allocated by the energy
unit 1n each direct current coupling unit and that 1s to be
provided to the power gnd.

With reference to the sixth aspect, 1n some 1mplementa-
tions of the sixth aspect, the primary controller determines
a surplus power on-grid capability reference value of each
direct current coupling unit based on the remaining power
and the output power limit, where the surplus power on-grid
capability reference value indicates a maximum value of
power that can be output by each direct current coupling unit
to the power grid, and the primary controller determines the
surplus power on-grid power reference value of each direct
current coupling unit based on the surplus power on-grid
capability reference value and a limit of power that can be
received by the power gnid.

With reference to the sixth aspect, 1n some 1implementa-
tions of the sixth aspect, the primary controller determines
a smallest value 1n the following parameters as the surplus
power on-grid capability reference value of each direct
current coupling unit: the remaining power of the energy
unit 1 each direct current coupling unit and the output
power limit of each direct current coupling unat.

With reference to the sixth aspect, in some 1mplementa-
tions of the sixth aspect, the primary controller determines
the surplus power on-grid power reference value of each
direct current coupling unit based on the following formula:

Pr:m o
. _grid 1
Pﬂn_grfd_r:«:jr_f = IMin Pﬂﬂ_g?fd_fmr e Pﬂﬂ_grfa'_f -
ZPﬂn_grfd_f

where P, ...; ,.r ; T€presents a surplus power on-grid power
reference value of an i direct current coupling unit in the N
direct current coupling units, P, ., ; represents a surplus
power on-grid capability reference value, P, ..., ;. repre-
sents the limit of power that can be received by the power
gnd, 2P, .., ;represents a sum of surplus power on-grid
capability reference values of the N direct current coupling
units, and 153N,

With reference to the sixth aspect, 1n some 1mplementa-
tions of the sixth aspect, the primary controller determines
that maximum discharge power of energy units 1n the N
direct current coupling units 1s greater than a sum of required
power of the load and required charging power of energy
storage units 1n all the direct current coupling units, and the
primary controller determines that actual charging power

allocated to the energy storage unit 1n each of the N direct
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cuwrrent coupling units 1s a charging power limit of the
energy storage unit, where the actual charging power 1s
charging power allocated to the energy storage unit in each
direct current coupling unit.

With reference to the sixth aspect, in some 1mplementa-
fions of the sixth aspect, the primary controller determines
power output by the energy unit in each direct current
coupling unit to the load, and the primary controller deter-
mines that power remaining after the energy unit 1n each
direct current coupling unit outputs the actual charging
power to the energy storage unit and outputs the power to the
load 1s the remaining power of the energy unit in each direct
current coupling unit.

With reference to the sixth aspect, in some 1implementa-
tions of the sixth aspect, the primary controller determines
remaining power of a second direct current coupling unit,
where the second direct current coupling unit 1s a direct
current coupling unit, in the N direct current coupling units,
whose remaining power 1s greater than 0 after the energy
unit outputs power to the energy storage unit and the load,
and the primary controller determines that the remaining
power of the second direct current coupling unit 1s power
remaining after the energy unit outputs power to the energy
storage unit, the load, and a first direct current coupling unit,
where the first direct current coupling unit includes a direct
current coupling unit, 1n the N direct current coupling units,
whose remaining power 1s less than 0 after the energy unit
outputs power to the energy storage unit and the load.

According to a seventh aspect, an apparatus 1s provided,
and 1ncludes a processor. The processor 1s coupled to a
memory, and may be configured to execute instructions in
the memory, so that the apparatus performs the method 1n
any one ol the fourth aspect to the sixth aspect or the
possible 1implementations of the fourth aspect to the sixth
aspect.

According to an eighth aspect, a processor 1s provided,
and includes an 1nput circuit, an output circuit, and a
processing circuit. The processing circuit 1s configured to
receive a signal by using the input circuit, and transmit a
signal by using the output circuit, so that the processor
performs the method 1n any one of the fourth aspect to the
sixth aspect or the possible implementations of the fourth
aspect to the sixth aspect.

In a specific implementation process, the processor may
be a chip, the input circuit may be an input pin, the output
circuit may be an output pin, and the processing circuit may
be a transistor, a gate circuit, a trigger, various logic circuits,
or the like. An input signal received by the input circuit may
be received and input by, for example, but not limited to, a
receiver, and a signal output by the output circuit may be
output to, for example, but not limited to, a transmitter and
transmitted by the transmitter. In addition, the mput circuit
and the output circuit may be a same circuit, and the circuit
1s used as the mput circuit and the output circuit at different
moments. Specific implementations of the processor and the
various circuits are not limited in embodiments of this
application.

According to a ninth aspect, a processing apparatus 1s
provided, and includes a processor and a memory. The
processor 1s configured to read instructions stored in the
memory, and may receive a signal by using a receiver, and
fransmit a signal by using a transmitter, to perform the
method 1n any one of the fourth aspect to the sixth aspect or
the possible implementations of the fourth aspect to the sixth
aspect.

Optionally, there are one or more processors, and there are
Oone Or more memeories.
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Optionally, the memory may be integrated with the pro-
cessor, or the memory and the processor are separately
disposed.

In a specific implementation process, the memory may be
a non-transitory memory, for example, a read-only memory
(ROM). The memory and the processor may be integrated
into one chip, or may be separately disposed in different
chips. A type of the memory and a manner in which the
memory and the processor are disposed are not limited in
embodiments of this application.

The processing apparatus 1n the ninth aspect may be a
chip. The processor may be implemented by using hardware
or software. When the processor 1s implemented by using
hardware, the processor may be a logic circuit, an integrated
circuit, or the like. When the processor 1s implemented by
using soitware, the processor may be a general-purpose
processor, and 1s implemented by reading software code
stored 1n the memory. The memory may be integrated into
the processor, or may be located outside the processor, and
exists independently.

According to a tenth aspect, a computer program product
1s provided. The computer program product includes a
computer program (or code or instructions). When the
computer program 1s run, a computer 1s enabled to perform
the method 1n any one of the fourth aspect to the sixth aspect
or the possible implementations of the fourth aspect to the
s1xth aspect.

According to an eleventh aspect, a computer-readable
medium 1s provided. The computer-readable medium stores
a computer program (or code or instructions). When the
computer program 1s run on a computer, the computer is
ecnabled to perform the method i1n any one of the fourth
aspect to the sixth aspect or the possible implementations of
the fourth aspect to the sixth aspect.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram of an application scenario
applicable to an embodiment of this application;

FIG. 2 1s an example schematic diagram of a structure of
an energy unit applicable to this application;

FIG. 3 1s an example schematic diagram of a structure of
an energy storage unit applicable to this application;

FIG. 4 1s an example schematic diagram of a structure of
an verter unit applicable to this application;

FIG. 5 15 a schematic flowchart of a method for allocating
output power to an energy unit according to this application;

FIG. 6 15 a schematic flowchart of a method for allocating,
output power to an energy storage unit according to this
application;

FIG. 7 1s a schematic flowchart of another method for
allocating output power to an energy storage unit according
to this application;

FIG. 8 1s a schematic flowchart of a method for allocating,
input power to an energy storage unit according to this
application;

FIG. 9 1s a schematic tflowchart of another method for
allocating output power to an energy storage unit according
to this application;

FIG. 10 1s a schematic tflowchart of another method for
allocating output power to an energy unit according to this
application; and

FIG. 11 1s a schematic diagram of a structure of a control
device applicable to this application.

DESCRIPTION OF EMBODIMENTS

The technical solutions 1n this application are described
below with reference to the accompanying drawings.
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The technical solutions provided 1n this application may
be applied to various power systems. For ease of under-
standing embodiments of this application, a power system
applicable to embodiments of this application 1s described 1n
detail with reference to FIG. 1. FIG. 1 1s a schematic
diagram of a power system according to an embodiment of
this application. As shown 1n FIG. 1, the power system
includes at least two direct current coupling units, for
example, direct current coupling units 121, 122, and 123
shown 1n FIG. 1. The power system may further include at
least one primary controller 110. The primary controller 110
may be configured to control power allocation 1n the direct
current coupling units 121 to 123, collect a voltage of a
meter 140, and the like. The primary controller 110 may be
an energy management system (EMS) or a smart array
control unit (SACU). The power system further includes the
meter 140. The meter 140 1s connected between a load 130
and a power grid 150, and 1s configured to detect and feed
back, 1n real time, power supplied by the power grid to the
load 130. The power system may provide electric energy to
the load 130, or may supply power to the power grid 150.

Each direct current coupling unit includes an energy unit,
for example, energy units 1211, 1221, and 1231 shown 1n
FIG. 1. Each direct current coupling unit may further include
an energy storage unit, for example, energy storage units
1212, 1222, and 1232 shown 1in FIG. 1. Each direct current

coupling unit further includes an mverter unit, for example,
inverter units 1213, 1223, and 1233 shown 1n FIG. 1. Each

direct current coupling unit may further include a secondary
controller. The energy units 1211, 1221, and 1231 are
configured to generate electric energy. The energy storage
unmts 1212, 1222, and 1232 may be configured to store the
clectric energy generated by the energy units, or when power
needs to be supplied to the load 130, output a direct current
to the mverter units. The direct current 1s converted by the
inverter units, that i1s, undergoes direct current (DC)-to-
alternating current (AC) (or DC/AC) processing, to obtain
an alternating current, and the alternating current 1s provided
to the load 130. The secondary controller may be configured
to communicate with the primary controller 110 or with a
secondary controller in another direct current coupling unit.
For the inverter units, direct current sides are connected to
direct current buses 1214, 1224, and 1234, and receive,
through the direct current buses 1214 to 1234, eclectric
energy discharged by the energy umts 1211, 1221, and 1231
and/or the energy storage units 1212, 1222, and 1232, and
alternating current sides are connected to the load 130 and
the power grid 150 through a bus 160, and provide electric
energy to the load 130 and/or the power grid 150 through the
bus 160. The mverter units 1213, 1223, and 1233 may be
turther configured to absorb electric energy, and provide
clectric energy to the energy storage units 1212, 1222, and
1232 through the direct current buses 1214, 1224, and 1234.

Optionally, the energy unit may be a new energy unit, for
example, a power apparatus that generates electric energy by
using solar energy, geothermal energy, wind energy, marine
energy, biomass energy, or nuclear fusion energy. An energy
umt that uses solar energy to generate electric energy 1s used
as an example below.

FIG. 2 1s a schematic diagram of a structure of an energy
unmit 200 according to an embodiment of this application.
The energy unit 200 may be applied to the system shown 1n
FIG. 1. The energy unit may include at least one photovol-
taic cell, for example, photovoltaic cells 210, 220, and 230
shown 1n FIG. 2. The energy unit may further include at least
one photovoltaic controller, for example, photovoltaic con-

trollers 240, 250, and 260 shown in FIG. 2. The photovoltaic
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cells 210 to 230 are connected to a direct current bus through
the photovoltaic controllers 240 to 260. The photovoltaic
cells 210 to 230 are configured to directly convert light
energy of the sun into electric energy, for example, a
monocrystalline silicon solar photovoltaic cells, polycrys-
talline silicon solar photovoltaic cells, or amorphous silicon
solar photovoltaic cells. The photovoltaic controllers 240 to
260 are configured to respectively control the photovoltaic
cells 210 to 230. Optionally, the photovoltaic controller may
obtain maximum discharge power that can be provided by a
corresponding photovoltaic cell. For example, the photovol-

taic controller may be a maximum power point tracking
(MPPT) controller. The MPPT controller can track a maxi-
mum power point of the photovoltaic cell in real time, and
may control the photovoltaic cell to output electric energy at
MmMaximum pPoOwer.

FIG. 3 1s a schematic diagram of a structure of an energy
storage unit 300 according to an embodiment of this appli-
cation. The energy storage unit 300 may include at least one
energy storage battery, for example, energy storage batteries
310, 320, and 330 shown 1n FIG. 3. The energy storage unit
300 may further include at least one energy storage control-
ler, for example, energy storage controllers 340, 350, and
360 shown in FIG. 3. The energy storage batteries 310 to 330
are connected to a direct current bus through the energy
storage controllers 340 to 360. The energy storage batteries
310 to 330 may be configured to store electric energy, and
may be further configured to provide electric energy. The
energy storage battery may be a lead-acid battery, a lithium-
10n energy storage battery, or the like. The energy storage
controllers 340 to 360 are respectively configured to control
the energy storage batteries 310 to 330, and may be DC-to-
DC (DC/DC) controllers.

FIG. 4 1s a schematic diagram of a structure of an inverter
unit 400 according to an embodiment of this application.
The inverter unit 400 may include at least one inverter, for
example, inverters 410, 420, and 430 shown in FIG. 4. For
the inverters 410 to 430, direct current sides are connected
to a direct current bus, and alternating current sides are
connected to a bus (such as 160 in FIG. 1), or alternating
current sides are connected to a load 130 and a power grid
150. A power direction on the inverters 410 to 430 may be
from the direct current bus to the load 130 or the power grid
150, or may be from absorbed power to the direct current
bus, for example, from power absorbed from an energy unit
1in another direct current coupling unait.

[t should be noted that a photovoltaic system 1s used as an
example this application, but does not constitute any limi-
tation on this application.

In an application scenario of the power system depicted 1n
FIG. 1, electric energy output by the power system may
preferentially meet electric energy requirements of a local
load and an energy storage unit, and then electric energy 1s
provided to a power grid, to increase a self-generation and
self-consumption rate and reduce impact on the power grid.

A scenario 1 which the power system preferentially
meets the electric energy requirements of the local load and
the energy storage unit 1s described below with reference to
FIG. 5 to FIG. 10.

It should be noted that FIG. 5 shows a method 500 for
allocating output power to an energy unit 1n a power system,
FIG. 6 shows a method 600 for allocating output power to
an energy storage unit in a power system, FIG. 8 shows a
method 700 for allocating absorbed power to an energy
storage unit 1n a power system, and FIG. 10 shows another
method 800 for allocating output power to an energy unit 1n
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a power system. The methods may be independently used 1n
a power system, or may be used in combination.

For example, when the method 500 and the method 600
are used in combination, 1t may be understood as that the
method 500 1s used to allocate output power to an energy
unit 1in a direct current coupling unit, to meet required power
of a load 130. If the energy unit cannot meet the required
power of the load 130, the method 600 1s used to allocate
output power to an energy storage unit 1n the direct current
coupling unit, to meet a power requirement of the load 130.

For another example, when the method 500 and the
method 700 are used 1in combination, 1t may be understood
as that the method 500 1s used to allocate output power to an
energy unit 1 a direct current coupling unit. If the energy
unit can meet required power of a load, and there 1is
remaining electric energy that can be used for storage by an
energy storage unit, the method 700 may be used to allocate
input power to the energy storage unit 1n the direct current
coupling unit, to preferentially store electric energy for the
energy storage unit in the direct current coupling unit while
ensuring that the required power of the load 1s met, so as to
reduce 1mpact on a power grid.

When the method 500 and the method 800 are used 1n
combination, 1t may be understood as that the method 500 1s
used to allocate output power to an energy unit in a direct
current coupling unit, to meet a power requirement of a load
130. If the energy unit can meet a power requirement for
charging the load 130 and an energy storage unit, and has
remaining power, the method 800 may be used to allocate,
to the energy unit in the direct current coupling unit, power
to be output to a power grid.

FIG. 5 1s a schematic flowchart of a method 500 for
allocating output power to an energy unit in a power system
according to this application. The method may be performed
by a primary controller 110. The power system includes N
direct current coupling units, where N 1s a positive integer.
For clarity, descriptions are provided below by using a
photovoltaic power system that converts solar energy into
electric energy as an example. The method includes at least
the following several steps.

S510: The primary controller determines required power
of a load.

In a possible implementation, the primary controller col-
lects meter data P,, .., and active power P, , output by
each 1nverter unit 1n each direct current coupling unit, and
determines the required power P,__, of the load based on the
active power output by the inverter unit and the meter data.
Further, the required power of the load may be expressed by

using the following formula:

N 1
Progd = Z i1 Pfrw_f _Pﬂn_grfd (L

S520: The primary controller obtains an output power
limit of each of the N direct current coupling units.

The output power limit may be an active power output
limit P, , . . of the inverter unit 1n each direct current
coupling unit.

It may be understood that if an inverter unit in a direct
current coupling unit includes a plurality of inverters, an
output power limit of the direct current coupling unit 1s a
sum of active power output limits of all the inverters.

S530: The primary controller determines, based on the
required power of the load and the output power limit of
each direct current coupling unit, a power value to be output

by each direct current coupling unit to the load.
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In a possible implementation, the primary controller first
obtains maximum discharge power of an energy unit in each
direct current coupling unit. The maximum discharge power
of the energy unit may be understood as maximum discharge
power ol a photovoltaic cell in the energy unit. The primary
controller may obtain the maximum discharge power of the
photovoltaic cell from a photovoltaic controller in the
energy unit. If the photovoltaic controller 1s an MPPT
controller, the MPPT controller may provide the maximum
discharge power of the photovoltaic cell corresponding to
the MPPT controller to the primary controller.

It should be noted that 1f the photovoltaic cell correspond-
ing to the MPPT controller 1s not at an MPPT point, the
maximum discharge power value provided by the MPPT
controller to the primary controller may be a value estimated
by the MPPT controller for the discharge power of the
photovoltaic cell corresponding to the MPPT controller, or
if the photovoltaic cell corresponding to the MPPT control-
ler 1s 1n a derated state, the MPPT controller provides
derated maximum discharge power to the primary controller.

It should be understood that 1f an energy unit in a direct
current coupling unit includes a plurality of photovoltaic
cells, maximum discharge power of the energy unit 1n the
direct current coupling unit 1s a sum of maximum discharge
power of all the photovoltaic cells.

In addition, the primary controller may further determine

whether a sum of maximum discharge power of energy units
in the N direct current coupling units 1s greater than the
required power of the load.

If the sum of the maximum discharge power of the energy
units in the N direct current coupling units 1s not greater than
the required power of the load, the primary controller
determines a smallest value in the following items as the
power value to be output by each direct current coupling unit
to the load: the maximum discharge power of the energy unit
in each direct current coupling unit and the output power
limit of each direct current coupling unit.

A power value P, ,, ;..o ; t0o be output by an i direct
current coupling unit in the N direct current coupling units
to the load 1s as follows:

(2)

va_m_r’ﬂad_f = IMin (vaf: anv_r’mr_f)

If the sum of the maximum discharge power of the energy
units in the N direct current coupling units 1s greater than the
required power of the load, the primary controller deter-
mines, based on the maximum discharge power of the
energy unit 1n each direct current coupling unit, power that
indicates power that needs to be discharged by the energy
unit 1n each direct current coupling unit, and determines a
smallest value in the following i1tems as the power value to
be output by each direct current coupling unit to the load: the
power that indicates power that needs to be discharged by
the energy unit in each direct current coupling unit and the
output power limit of each direct current coupling unit.

A power value P, .., ; to be output by an i direct
current coupling unit 1n the N direct current coupling units
to the load 1s as follows:

P (3)

pv_i

va_z‘ﬂ_fﬂaa’_f = ImMin (Pfﬂcm’ . anv_i’ma‘_f):

PV_Sum
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where P, represents the sum of the maximum discharge

power of the energy units 1n the N direct current coupling
units, and P, . .=2P,, ..

When the sum of the maximum discharge power of the
energy units 1n the N direct current coupling units 1s not
greater than the required power of the load, to preferentially
meet a power supply requirement of the load, energy storage
units 1n the N direct current coupling units need to be
discharged to provide electric energy to the load. FIG. 6
shows a method 600 for allocating output power to an
energy storage unit according to an embodiment of this
application. It should be understood that, that a sum of
maximum discharge power of energy units 1 N direct
current coupling units 1s not greater than required power of
a load 1s merely an application scenario of the method. The
method may be further applied to another scenario 1n which
an energy storage unit indicates power that needs to be
discharged, for example, a scenario 1n which the energy
storage unit provides electric energy to a power grid. The
method 1ncludes at least the following several steps.

S610: A primary controller determines an expected dis-
charge power value of energy storage units in the N direct
current coupling units.

Further, when the sum of the maximum discharge power
of the energy units 1n the N direct current coupling units 1s
not greater than the required power of the load, the expected
discharge power value P, iicnarge sum Of the energy stor-
age units 1n the N direct current coupling units 1s a difference
between the required power of the load and power output by
the energy units 1n the N direct current coupling units to the
load. The power output by the energy units in the N direct
current coupling units to the load may be a sum of first
power values of all the direct current coupling units.

The expected discharge power value of the energy storage
units in the N direct current coupling units may be expressed

as follows:

Pba:‘_dfscharge_sum — Pfr:rad _ prv_m_fmm'_f: (4)
where P, , represents the required power of the load, and
2P, 10 i10aa : TEPrEsents a sum of the power output by the

energy units in the N direct current coupling units to the
load.

S620: The primary controller determines theoretical dis-
charge power of an energy storage unit in each of the N

direct current coupling units based on the expected dis-
charge power value of the energy storage unit in the N direct
current coupling units and first characteristic information of
the energy storage unit in each direct current coupling unit.

The theoretical discharge power may be understood as
power that needs to be provided by the energy storage unit
1in each direct current coupling unit to the load.

The first characteristic information may indicate a real-
time charging/discharging capability of the energy storage
unit in each direct current coupling unit. The first charac-
teristic information may be represented by at least one of the
following parameters: an SOC of an energy storage battery
in the energy storage unit, an SOH of the energy storage
battery, and a capacity of the energy storage battery.

In a possible implementation, theoretical discharge power
Po: discharge 1 ; O @n energy storage unit in an i”* direct
current Vcoupling unit in the N direct current coupling units
may be determined based on the following formula:
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(1 — SOC,)- SOH, - CAPACITY,

(5)
P bat_discharge_1_i =F bat_discharge_sum :
Z (1 —SOC))-SOH. - CAPACITY;

where P, . iccnaree sum TePresents the expected discharge
power value of the energy storage units 1n the N direct
current coupling units, and SOC;, SOH,, and CAPACITY,
respectively represent an SOC, an SOH, and a capacity of an
energy storage battery in the i direct current coupling unit.

S630: The primary controller obtains a discharge power
limit of the energy storage unit 1n each direct current
coupling unit.

The discharge power limit P of the energy

bar_discharge_Ilmt_i

10

storage unit may be understood as a maximum value of {5

power that can be output by the energy storage unit.

S640: The primary controller determines actual discharge
power of the energy storage unit in each direct current
coupling unit based on the theoretical discharge power of the
energy storage unit in each direct current coupling unit and
the discharge power limit of the energy storage unit 1n each
direct current coupling unit.

The actual discharge power of the energy storage unit in
each direct current coupling unit may be understood as
power that can be actually provided by the energy storage
unit to the load.

In a possible implementation, the primary controller
determines a smallest value in the following items as the
actual discharge power Py, siscnaree » ; Of the energy stor-
age unit 1n each direct current coupling unit: the theoretical
discharge power of the energy storage unit in each direct
current coupling unit and the discharge power limit of the
energy storage unit 1n each direct current coupling unit. This
may be expressed as follows:

(6)

Pbm‘_dfscharge_z_f = min (Pbm‘_dfscharge_l_f: Pbar_dfscharge_fmz‘_f)

In another possible implementation, the energy storage
unit outputs power through an inverter unit, and the inverter
unit has borne power output by the energy unit to the load.
Therefore, when power to be provided to the load 1s allo-
cated to the energy storage unit, output power allocated to
the energy unit needs to be considered. That 1s, actual
discharge power Py, siccharee 2 ¢ OF the energy storage unit
in the i”* direct current coupling unit may be expressed as

follows:

P bat_discharge 2_i — (7)

mln(Pbar_dfscharge_l_f: Pbm‘_dfscharge_fma‘_f: anv_r’m:‘_f — va_m_fﬂcm’_f):

where P, sischarge 1 ¢ TEPIESents the theorgtical discharge
power of the energy storage unit in the 1 direct current
coupling unit, P, siccharee ime i 1'6plv.=;sr311t§E a discharge
power limit of the energy storage unit in the i”* direct current
coupling unit, and P —P, represents a limit

inv Imr 1 v to load i

of power (an example of the first power value) that can be
output after the mverter unit bears the power output by the
energy unit to the load.

It 1s assumed that i1t 1s determined, based on the formula
(5), to allocate theoretical discharge power to energy storage
units in M of the N direct current coupling units, where M
1s a positive 1nteger, and M<N, and amplitude limiting 1s
performed on the theoretical discharge power of the M direct
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cuwrrent coupling units in an amplitude limiting manner
shown i1n the formula (6). An amplitude limiting manner
shown 1n the formula (7) 1s similar to this. In a possible
implementation, a manner of determining the actual dis-
charge power of the energy storage unit 1n each direct
current coupling unit 1n step S640 1s described with refer-
ence to steps S641 to S644 in FIG. 7.

S641: The primary controller allocates actual discharge
power to an energy storage unit in a first direct current
coupling unit.

The first direct current coupling unit 1s a direct current
coupling unit whose theoretical discharge power 1s greater
than or equal to a discharge power limit corresponding to the
direct current coupling unit 1n the M direct current coupling
units. The primary controller determines that there are N1
first direct current coupling units in the M direct current
coupling units, where N1 1s a positive integer, and O<N1<M.
The primary controller determines to allocate discharge
power limits corresponding to the N1 first direct current
coupling units to the N1 first direct current coupling units as
actual discharge power of the N1 first direct current coupling
units.

S642: The primary controller determines power allocation
for the first direct current coupling unat.

When N1=M, S643 is performed, and the primary con-
troller determines that actual discharge power of an energy
storage unit in the first direct current coupling unit 1s a
discharge power limit of the energy storage unit in the first
direct current coupling unit, and ends 1terative calculation.

In this case, discharge power limits corresponding to all
energy storage units in the M direct current coupling units
are allocated to the energy storage units as actual discharge
pOWer.

When N1=0, in S644, the primary controller determines
that the actual discharge power of the M first direct current
coupling units 1s theoretical discharge power, and ends
iterative calculation.

In this case, none of the N1 first direct current coupling
units 1s 1n an amplitude limiting state, and all power that
needs to be provided by the energy storage unit to the load
1s allocated.

When O<NI<M, 1n S645, the primary controller deter-
mines that actual discharge power of energy storage units in
the N1 first direct current coupling units 1s discharge power
limits of the energy storage units in the N1 first direct current
coupling units, and re-determines actual discharge power of
an energy storage unit in a second direct current coupling
unit.

It may be understood that the second direct current
coupling unit includes a direct current coupling unit to
which no actual discharge power 1s allocated 1n the M direct
cuwrrent coupling units. The re-determining actual discharge
power ol an energy storage unit 1n a second direct current
coupling unit 1s performing S610 again to perform iterative
calculation. In this case, the expected discharge power value
of the energy storage units 1n the N direct current coupling
units 1s a difference between P, i naree sum @0d @ sum of
the actual discharge power of the energy storage units in the
N1 first direct current coupling unats.

The foregoing steps are repeated unftil allocation of

Pior discharge sum 1S cOmpleted, or the actual discharge power
allocated to the energy storage units in the M direct current
coupling units reaches the discharge power limits corre-
sponding to the energy storage units.
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Optionally, the method may further include S650: The
primary controller determine a power reference value
P;.. .r:0f an inverter unit in each direct current coupling
unit.

The power reference value may be understood as an
output power value of the inverter unit. The power reference
value P, . may be expressed as follows:

inv_vref i

(3)

Pr’nv_re i = Pbaa‘_dfschar e 2 1 + P Vv _ta {oad |
f g p

The energy unit and the energy storage unit output power
through the inverter unit. Therefore, the power reference
value may represent total output power allocated by the
primary controller to the direct current coupling unit.

Therefore, 1n this application, discharge power 1s pro-
vided to the energy storage unit 1in each direct current
coupling unit through even allocation based on the formula
(3), and the actual discharge power to be provided to the load
1s allocated to each direct current coupling unit with refer-
ence to the real-time discharging capability of the energy
storage unit in each direct current coupling unit, so that the
discharge power of the energy storage unit can be properly
allocated, to avoid a case 1n which the energy storage battery
1s over discharged. In this way, a life cycle of a power device
in the power system can be extended, and reliability of the
power system can be improved.

When the sum of the maximum discharge power of the
energy units 1n the N direct current coupling units 1s greater
than the required power of the load, the primary controller
may further determine whether the sum of the maximum
discharge power of the energy units in the N direct current
coupling units 1s greater than a sum of the required power of
the load and required charging power of the energy storage
units. The required charging power Py, .10rce ime sum Of the
energy storage units may be a sum of charging power limits
of the energy units 1n the direct current coupling units, and
may be expressed by using the following formula:

)

Pbm‘_charge_r’ma‘_sum — Zpbar_charge_fm:‘_f

If the sum of the maximum discharge power of the energy
units 1n the N direct current coupling units 1s not greater than
the sum of the required power of the load and the required
charging power of the energy storage units, the energy units
in the N direct current coupling units need to be discharged
to provide electric energy to the load, and electric energy
may be further provided to the energy storage unit.

FIG. 8 1s a schematic diagram of a method 700 for
allocating charging power to an energy storage unit in a
power system according to an embodiment of this applica-
tion. It should be understood that, that a sum of maximum

discharge power of energy units 1n N direct current coupling
units 1s greater than required power of a load, and 1s not
greater than a sum of the required power of the load and
required charging power of energy storage units 1s merely an
application scenario of the method. The method may further
be applied to another scenario in which charging power
needs to be allocated to the energy storage unit, for example,
a scenario 1n which a power grid 1s scheduled to provide
electric energy to the energy storage unit. The method
includes at least the following several steps.
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S710: A primary controller determines an expected charg-
ing power value of energy storage units in the N direct
current coupling units.

When the sum of the maximum discharge power of the
energy units in the N direct current coupling units 1s greater
than the required power of the load, and 1s not greater than
the sum of the required power of the load and the required
charging power of the energy storage units, the expected
charging power value P, .10r0c sum Of the energy storage
units 1n the N direct current coupling units 1s a difference
between the sum of the maximum discharge power of the
energy units in the N direct current coupling units and power
output by the energy units 1n the N direct current coupling
units to the load. That 1s, the expected charging power value
of the energy storage units 1n the N direct current coupling
units may be expressed as follows:

_ 10
Pbm‘_::harge_sum — va_sum - Z-va_g‘g_fggd_f (10)

S720: The primary controller determines theoretical
charging power of an energy storage unit 1n each direct
current coupling unit based on the expected charging power
value of the energy storage units in the N direct current
coupling units and first characteristic information of the
energy storage unit in each direct current coupling unit,
where the first characteristic information indicates a real-
time charging/discharging capability of the energy storage
unit in the direct current coupling unit.

The theoretical charging power may be understood as
charging power that can be provided by the energy storage
unit 1 each direct current coupling unit.

In a possible implementation, theoretical charging power
Ppos charge 1 :Of an energy storage unit in an i”* direct current
coupling unit 1n the N direct current coupling units may be

determined based on the following formula:

(1 = SOC,), SOH,, CAPACITY,
’f_l (1 = SOC)), SOH;, CAPACITY;

(11)

Pbaa‘_::harge_l_f — Pbm‘_::'harge_sum Z

where P, 00 cum TePresents the expected charging
power value of the energy storage units in the N direct
current coupling units, and SOC,, SOH,, and CAPACITY,
respectively represent a SOC, a SOH, and a capacity of an
energy storage battery in the i direct current coupling unit.

S730: The primary controller obtains a charging power
limit of the energy storage unit 1n each direct current
coupling unit.

The charging power limit P, .0 ee 1m: ; Of the energy
storage unit may be understood as a maximum value of
power that can be 1nput to the energy storage unit.

S740: The primary controller determines actual charging
power ol the energy storage unit in each direct current
coupling unit based on the theoretical charging power of the
energy storage unit in each direct current coupling unit and
the charging power limit of the energy storage unit 1n each
direct current coupling unit.

The actual charging power of the energy storage unit in
each direct current coupling unit may be understood as
actual charging power allocated to the energy storage unit.

In a possible implementation, the primary controller
determines a smallest value in the following items as the
actual charging power P, ;... - ; 0f the energy storage
unit 1n each direct current coupling unit: the theoretical
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charging power of the energy storage unit in each direct
current coupling unit and the charging power limit of the
energy storage unit 1n each direct current coupling unit. This
may be expressed as follows:

(12)

Pba:‘_charge_Z_f — mIH(Pbar e Pba:‘_charge_fma‘_f)

::'hargelf

In another possible implementation, power 1s input to the
energy storage unit through an inverter unit, and the inverter
unit has borne output power provided by the energy unit to
the load. Therefore, when charging power 1s allocated to the
energy storage unit, output power allocated to the energy
unit needs to be considered. That 1s, actual charging power
Po: charge o i OF the energy storage unit in the i direct
current coupling unit may be expressed as follows:

P bat_charge_z_i:mln(P bat_charge_l_iﬂP bat_charge _{mit_
Pinv_fmt_z'_l-va_m_faad_i)

(13).

where P,., .na0c 1 ; Tepresents the theoretical charging
power of the energy storage unit in the i”* direct current
coupling unit, P . represents a charging power

bar_charge_Ilmi_i
limit of the energy stgrage unit in the i” direct current
coupling unit, and P;,,, ;.. #P,. 10 10aa ; TEPresents a limit
of power (an example of a second power value) that can be
output after the inverter unit bears the power output by the
energy unit to the load.

It 1s assumed that 1t 18 determined, based on the formula
(11), to allocate actual charging power to energy storage
units in M of the N direct current coupling units, where M
1s a positive 1nteger, and M<N, and amplitude limiting 1s
performed on the actual charging power of the M direct
current coupling units 1 an amplitude limiting manner
shown 1n the formula (12). In a possible implementation, a
manner of determining the actual charging power of the

energy storage unit 1n each direct current coupling unit 1n
step S740 1s described with reference to steps S741 to S744
in FIG. 9.

S741: The primary controller allocates actual charging
power to an energy storage unit 1n a first direct current
coupling unit.

The first direct current coupling unit 1s a direct current
coupling unit whose theoretical charging power 1s greater
than or equal to a charging power limit corresponding to the
direct current coupling unit 1n the M direct current coupling
units. The primary controller determines that there are N1
first direct current coupling units in the M direct current
coupling units, where N1 1s a positive integer, and O<N1<M.

S742: The primary controller determines power allocation
for the first direct current coupling unat.

When N1=M, S§743 is performed, and the primary con-
troller determines to allocate charging power limits corre-
sponding to the N1 first direct current coupling units to the
N1 first direct current coupling units as actual discharge
power of the N1 first direct current coupling units, and ends
iterative calculation of allocation of the actual charging
power.

In this case, charging power limits corresponding to all
energy storage units in the M first direct current coupling
units are allocated to the energy storage units as actual
charging power.

When N1=0, in S744, the primary controller determines
that actual charging power of the M first direct current
coupling units 1s theoretical charging power, and ends itera-
tive calculation.

10

15

20

25

30

35

40

45

50

35

60

65

24

In this case, none of the N1 first direct current coupling
units 1s 1n an amplitude limiting state, and all power that
needs to be provided by the energy storage unit to the load
1s allocated.

When O<N1<M, 1n S745, the primary controller deter-
mines that actual charging power of energy storage units 1n
the N1 first direct current coupling units 1s charging power
limits of the energy storage units in the N1 first direct current
coupling units, and re-determines actual charging power of
an energy storage unit in a second direct current coupling
unit.

It may be understood that the second direct current
coupling unit includes a direct current coupling unit to
which no actual charging power 1s allocated 1n the M direct
cuwrrent coupling units. The re-determining actual charging
power ol an energy storage unit 1n a second direct current
coupling unit is performing S710 again to perform iterative
calculation. In this case, the expected charging power value
of the energy storage units 1n the N direct current coupling
units 18 a difference between P, . ve sum a0d a sum of the
actual charging power of the energy storage units in the N,
first direct current coupling units.

The foregoing steps are repeated unftil allocation of
Poos charge sum 18 cOmpleted, or the actual charging power
allocated to the energy storage units in the M direct current
coupling units reaches the charging power limits corre-
sponding to the energy storage units.

Optionally, the method may further include S750: Deter-
mine a power reference value P, .- ; of an inverter unit 1n
each direct current coupling unit. The power reference value

may be understood as an output power value of the inverter
unit. P, may be expressed by using the following

inv_ref 1

formula:

anv_r::;f_f — (14)

va_m_fﬂad_f _Pbm‘ + (va;, _va_m_fﬂad_f) — va_f _Pbar_charge_z_f

ch argey .

The energy unit and the energy storage unit output power
or power 1s 1nput to the energy unit and the energy storage
unit through the inverter unit. Therefore, the power refer-
ence value may represent total output power allocated by the
primary controller to the direct current coupling unit.

Therefore, 1n this application, charging power 1s provided
to the energy storage unit in each direct current coupling unit
through even allocation based on the formula (11), and the
actual charging power 1s allocated to each direct current
coupling unit with reference to the real-time charging capa-
bility of the energy storage units in each direct current
coupling unit, to avoid a case 1n which the energy storage
battery 1s overcharged. In this way, a life cycle of a power
device 1n the power system can be extended.

When the sum of the maximum discharge power of the
energy units 1n the N direct current coupling units 1s greater
than the sum of the required power of the load and the
required charging power of the energy storage units, that is,
when the energy units 1n the N direct current coupling units
have remaining power in addition to providing electric
energy to the load and the energy storage units, the energy
units 1n the N direct current coupling units may be further
configured to supply power to the power grid. FIG. 10 shows
another method 800 for allocating output power to an energy
unit according to an embodiment of this application. The
method 1ncludes at least the following several steps.
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S810: A primary controller determines actual charging
power allocated to an energy storage unit in each direct

current coupling unit.

In this case, 1n addition to providing electric energy to a
load and energy storage units, energy units in N direct
current coupling units have remaining power. Therefore,
actval charging power P, ... ., allocated to each
energy storage unit may reach a charging power limit
Pio: charge s : Of €ach energy storage unit, that 1s, the actual
charging power allocated by the primary controller to the
energy storage unit 1n each direct current coupling unit 1s a
charging power limit of the energy storage unit.

S820: The primary controller determines remaining
power of an energy unit in each direct current coupling unait.

It should be understood that the remaining power may
represent power remaining after the energy unit in each
direct current coupling unit provides electric energy to the
load and the energy storage unit. That 1s, the remaining
power may be expressed as follows:

P:-"esa‘_f — va_f _ Pbaa‘_::harge_l_f _ va_m_fﬂad_f (15)

It should be noted that a sum of maximum discharge
power of the energy units in the N direct current coupling
units 1s greater than a sum of required power of the load and
required charging power of the energy storage units, and
maximum discharge power of an energy unit in one of the
direct current coupling units may be less than or equal to a
sum of power provided to the load and a charging power
limit of an energy storage unit, that 1s, remaining power of
the one of the direct current coupling units may be negative
or 0.

S830: The primary controller determines remaining
power of N1 first direct current coupling units.

Further, the N1 direct current coupling units are direct
current coupling units, 1n the N direct current coupling units,
that include an energy unit whose maximum discharge
power 1s less than or equal to a sum of charging power
provided to the load and an energy storage unit, where
O<NI1<N.

S840: The primary controller determines power allocation
based on the N1 direct current coupling units.

If N1=0, that 1s, maximum discharge power of the energy
unit in each of the N direct current coupling units 1s greater
than a sum of power provided to the load and the energy
storage unit, S841 1s performed.

S841: The primary controller determines a surplus power
on-grid capability reference value of a second direct current
coupling unit.

The second direct current coupling unit includes a direct
current coupling unit, in the N direct current coupling units,
that includes an energy unit whose maximum discharge
power 1s greater than a sum of charging power provided to
the load and an energy storage unit. When N1=0, the second
direct current coupling unit includes the N direct current
coupling units. The surplus power on-grid capability refer-
ence value may be represented by power that can be output
by the second direct current coupling unit to a power grid.
Alternatively, the surplus power on-grid capability reference
value may be represented by an amplitude limiting value of
remaining power to be provided by the second direct current
coupling unit to a power grid.

In a possible implementation, the primary controller
determines a smallest value in the following items as the
surplus power on-grid capability reference value of the
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second direct current coupling unit: the remaining power of
each direct current coupling unit and power that can be
output by an inverter unit 1in each direct current coupling
unit. It may be understood that the energy unit outputs power
through the inverter unit, and the inverter unit has borne
output power provided by the energy unit to the load.
Therefore, when the surplus power on-grid capability rel-
erence value of the direct current coupling unit 1s deter-
mined, the output power provided to the load needs to be
considered. This may be expressed as follows:

Pﬂﬂ_gﬁd_f — II']lI'l( Presz‘_f: anv_r’ma‘_f - va_m_faad_f) (16)

After the surplus power on-grid capability reference value
of the second direct current coupling unit 1s determined,
S850 1s performed to determine a surplus power on-grid
power reference value of each second direct current cou-
pling unat.

The surplus power on-grid power reference value may be
determined based on a surplus power on-grid power limit.
The surplus power on-grid power limit may be understood
as a limit of on-grid power that can be received by the power
orid, or surplus power on-grid power of each direct current
coupling unit 1s limited by the surplus power on-grid power
limit.

The surplus power on-grid power reference value
P, .ria ror; Of €ach direct current coupling unit may be

expressed as follows:

Pﬂn_grfd_f (17)

Pan_grfd_r@r_f = IMIn Pﬂn_grfd_fma‘ . Pﬂﬂ_g?“fd_f .
ZPQH_ngd_f

where P, ... . represents the surplus power on-grid
power limit, and 2P, ., , represents total power that can
be output by the second direct current coupling unit to the
power grid.

If O<KN,<N, S842 1s performed.

S842: Determine power to be output by N2 second direct
current coupling units to the N1 first direct current coupling
units.

The N2 second direct current coupling units are direct
current coupling units whose value of remaining power 1s
greater than 0, that 1s, 1n addition to providing electric
energy to the load and energy storage units, energy units in
the second direct current coupling units have remaining
power, where 0<N2<N. In this case, 1t may be considered to
charge energy storage units 1n the N1 first direct current
coupling units, that 1s, remaining power of the second direct
current coupling units 1s preferentially used to charge the
energy storage units in the first direct current coupling units,
and then power 1s supplied to a power grid.

A value of the remaining power of the N, first direct
current coupling units 1s denoted as P, .. .
P,os: neg i=Pres: ;1. the value of the remaining power of the
N, second direct current coupling units is denoted as
P,..: ,0s »and power to be output by each of the N, second
direct current coupling units to the N, first direct current

coupling units may be expressed as follows:

(18)

P rest_pos i

Dia?

N1
va_rﬂ_m‘her_bm‘_f — Zf_ﬂpresr_ﬁeg_f

p

rest_pas_i
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where ¥ _,"* P___. o ; TEpresents a sum of the remainming

power of the N, second direct current coupling units, and
Yieo" P nes ; Tepresents a sum of required charging
power of the N, first direct current coupling units. The
power to be output by the N, second direct current coupling
units to the first direct current coupling units may be
provided through even allocation based on the formula (18).

After the power to be output by the N2 second direct
current coupling units to the N1 first direct current coupling
units 1s determined, S841 i1s performed again to perform
calculation again, that 1s, surplus power on-grid capability
reference values of the N2 second direct current coupling
units are determined.

In this case, the energy unit 1n the N2 second direct
current coupling units outputs power through an inverter
unit, and the inverter unit has borne output power provided
by the energy unit to the load and the power output to the N1
first direct current coupling units. Therefore, when the
surplus power on-grid capability reference values of the N2
second direct current coupling units are determined, the
output power provided to the load and the power output to
the N1 first direct current coupling units need to be consid-
ered. That 1s, another possible implementation of determin-
ing the surplus power on-grid capability reference value of
the second direct current coupling unit in S841 is that the
primary controller determines a smallest value in the fol-
lowing items as the surplus power on-grid capability refer-
ence value of the second direct current coupling unit: the
remaining power of each direct current coupling unit and

power that can be output by an inverter unit in each direct
current coupling unit. This may be expressed as follows:

Pﬂﬂ_g?‘fd_f — H]in(Presr_f — va_m_ﬂrher_bm‘_f: (19)

Pr'nv_fma‘_f _va_m_fﬂad_f va_m_ﬂrher_bm_f)

Therefore, 1n this application, the primary controller 1n a
power system may obtain current remaining power of the
energy unit in the direct current coupling unit, and the
primary controller provides the surplus power on-grid power
reference value to each direct current coupling unit through
even allocation based on an output limit of the inverter unit
and the surplus power on-grid power limit, so that the
inverter unit in the power system can equalize power output,
to extend a life cycle of a power device in the inverter unit.

FIG. 11 1s a schematic diagram of a structure of a control
device according to an embodiment of this application. The
control device includes a processor 1110 and a communi-
cation interface 1120. Optionally, the control device may
further include a memory 1130. Optionally, the memory
1130 may be included in the processor 1110. The processor
1110, the communication interface 1120, and the memory
1130 communicate with each other by using an internal
connection path. The memory 1130 1s configured to store
instructions. The processor 1110 1s configured to execute the
mstructions stored in the memory 1130, to implement the
control method provided in embodiments of this application.

Optionally, the control device may be configured to
perform functions of the primary controller 110 1n FIG. 1,
functions of the photovoltaic controllers 240 to 260 in FIG.
2, or functions of the energy storage controllers 340 to 360
in FIG. 3.

Optionally, the control device may be further configured
to perform the control method shown 1n either FIG. 5 or FIG.

8.
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The terms such as “component”, “module”, and “system”
used 1n this specification represent computer-related entities,
hardware, firmware, combinations of hardware and soft-
ware, software, or software being executed. For example, a
component may be but 1s not limited to a process that runs
On a processor, a processor, an object, an executable file, an
execufion thread, a program, and/or a computer. As 1llus-
trated by using figures, both a computing device and an
application that runs on the compufing device may be
components. One or more components may reside within a
process and/or an execution thread, and a component may be
located on one computer and/or distributed between two or
more computers. In addition, these components may be
executed from various computer-readable media that store
various data structures. For example, the components may
communicate by using a local and/or remote process and
based on, for example, a signal having one or more data
packets (for example, data from two components interacting
with another component in a local system, a distributed
system, and/or across a network such as the Internet inter-
acting with other systems by using the signal).

A person of ordinary skill in the art may be aware that the
example units, algorithms, and steps described with refer-
ence to embodiments disclosed 1n this specification can be
implemented by electronic hardware or a combination of
computer software and electronic hardware. Whether the
functions are performed by hardware or software depends on
particular applications and design constraint conditions of
the technical solutions. A person skilled in the art may use
different methods to implement the described functions for
each particular application, but i1t should not be considered
that the implementation goes beyond the scope of this
application.

It may be clearly understood by a person skilled 1n the art
that for convenient and brief description, for detailed work-
ing processes ol the system, apparatus, and unit described
above, refer to the corresponding processes in the foregoing
method embodiments. Details are not described herein.

In the several embodiments provided in this application,
it should be understood that the disclosed system, apparatus,
and method may be implemented in other manners. For
example, the described apparatus embodiment 1s merely an
example. For example, division into the units 1s merely
logical function division and may be other division 1n actual
implementation. For example, a plurality of units or com-
ponents may be combined or integrated into another system,
or some leatures may be 1gnored or not performed. In
addition, the displayed or discussed mutual couplings or
direct couplings or communication connections may be
implemented by using some interfaces. The indirect cou-
plings or communication connections between the appara-
tuses or units may be implemented 1n electronic, mechani-
cal, or other forms.

The units described as separate parts may or may not be
physically separate, and parts displayed as units may or may
not be physical units, may be located at one position, or may
be distributed on a plurality of network units. Some or all of
the units may be selected based on actual requirements to
achieve the objectives of the solutions 1n embodiments.

In addition, functional units in embodiments of this appli-
cation may be integrated into one processing unit, each of
the units may exist alone physically, or two or more units
may be integrated into one unit.

When the functions are implemented 1n a form of a
software Tunctional unit and sold or used as an independent
product, the functions may be stored in a computer-readable
storage medium. Based on such an understanding, the tech-
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nical solutions in this application essentially, or the part
contributing to the conventional technology, or some of the
technical solutions may be implemented in a form of a
software product. The computer software product 1s stored
in a storage medium, and includes several instructions for
instructing a computer device (which may be a personal
computer, a server, a network device, or the like) to perform
all or some of the steps of the methods described 1n
embodiments of this application. The storage medium
includes any medium that can store program code, for
example, a Universal Serial Bus (USB) flash drive, a remov-
able hard disk, a ROM, a random-access memory (RAM), a
magnetic disk, or an opftical disc.

The foregoing descriptions are merely specific implemen-
tations of this application, but the protection scope of this
application 1s not limited thereto. Any varnation or replace-
ment readily figured out by a person skilled 1n the art within
the technical scope disclosed 1n this application shall fall
within the protection scope of this application. Therefore,
the protection scope of this application shall be subject to the
protection scope of the claims.

What 1s claimed 1s:

1. A power system, comprising:

N direct current coupling systems configured to provide
first electric energy to a load, wherein the N direct
current coupling systems comprises energy storage
systems configured to store second electric energy or
provide the second electric energy to the load, and
wherein N 1s a positive integer; and

a primary controller coupled to the N direct current
coupling systems and configured to:
determine expected discharge power values of the

energy storage systems 1n the N direct current cou-
pling systems, wherein the expected discharge power
values indicate power to be discharged by the energy
storage system;

determine actual discharge power of each of the energy
storage systems 1n the N direct current coupling sys-
tems based on the expected discharge power values and
first characteristic information of each of the energy
storage systems, wherein the first characteristic infor-
mation indicates a real-time charging/discharging capa-
bility of each of the energy storage systems, and
wherein the actual discharge power 1s allocated to each
of the energy storage systems.

2. The power system of claim 1, wherein the first char-

acteristic information comprises at least one of:

a state of charge (SOC) of an energy storage battery in
each of the energy storage unit, systems;

a state of health (SOH) of the energy storage battery; or

a capacity of the energy storage battery.

3. The power system of claim 1, wherein the primary
controller 1s further configured to:

determine theoretical discharge power of each of the
energy storage systems based on the expected dis-
charge power values and the first characteristic infor-
mation;

obtain a discharge power limit of each of the direct current
coupling systems, wherein the discharge power limit of
power output by each of the energy storage systems;
and

determine the actual discharge power of each of the direct
current coupling systems based on the theoretical dis-
charge power and the discharge power limuit.

4. The power system of claim 3, wherein the primary

controller 1s further configured to determine the theoretical
discharge power based on a formula, wherein the formula 1s:
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P (bat (discharge (1 1)) )=
P_(bat_(discharge_sum) ) ((1- 7 SOC 7 _i). 7 SOH 7 _i.

7 CAPACITY T /() (1- 7 SOoC T _i).

W N

7 SOH J i f CAPACITY J i 7 ),

wherein P_(bat_(discharge (1_1))) represents an i” theo-
retical discharging power of an i”* energy storage sys-
tem in an i”* direct current coupling system in the N
direct current coupling systems, wherein P_(bat_(d1s-
charge_sum)) represents the expected discharge power

value, wherein{ SOCJ _i represents a state of charge
(SOC) of an energy storage battery in the i energy

storage system, wherein{ SOF. _i represents a state
of health (SOH) of the energy storage battery, wherein

X CAPACITY/ _irepresents a capacity of the energy
storage battery, and wherein 1<i<N.

5. The power system of claim 3, wherein each of the N
direct current coupling systems further comprises an inverter
system configured to:

receive, through a direct current bus, the second electric

energy;

perform direct current (DC)-to-alternating current (AC)

conversion on the second electric energy to obtain third
electric energy; and

provide the third electric energy to the load,

wherein the primary controller 1s further configured to:

determine a smallest value in the following parameters

as the actual discharge power:

the theoretical discharge power;

the discharge power limit; and

a first power value of the direct current coupling
systems, wherein the first power value 1s a maxi-
mum value of power that can be output by the
inverter system.

6. The power system of claim 3, wherein the primary
controller 1s further configured to:

allocate a second theoretical discharge power to M direct

current coupling systems of the N direct current cou-
pling systems, wherein the M direct current coupling
systems are at least some of the N direct current
coupling systems; and

perform rounds of iterative calculation to determine a

second actual discharge power of each of the M direct

current coupling systems, wherein each of the rounds

of iterative calculation comprises:

determining N, direct current coupling systems of the
M direct coupling systems, wherein each of the N,
direct current coupling systems has a third theoreti-
cal discharge power greater than a second discharge
power limit 1n the M direct current coupling systems,
wherein N, 1s a positive integer, and wherein
O<N,<M;

determining that third discharge power limits of the N,
direct current coupling systems are fourth actual
discharge powers of the N, direct current coupling
Systems;

determining that the expected discharge power value of
1s decreased by a sum of fifth actwal discharge
powers of fourth energy storage systems in the N,
direct current coupling systems; and

determining to allocate a sixth actual discharge power
to a fifth energy storage unit 1n system 1n a second
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direct current coupling system that 1s 1in the M direct
current coupling systems and that does not comprise
the actual discharge power allocated to.

7. The power system of claim 6, wherein the primary
controller 1s further configured to:

determine that the second theoretical discharge power 1s
less than second discharge power limits corresponding
to the M direct current coupling systems; and

determine that third actual discharge powers of the M
direct current coupling systems 1s the second theoreti-
cal discharge power.

8. The power system of claim 1, wherein each of the N
direct current coupling systems further comprises an energy
system configured to generate the second electric energy,
and wherein the primary controller 1s further configured to:

determine that a sum of maximum discharge power of
energy units systems in the N direct current coupling
systems 1s less than a power of the load; and

determine to allocate the expected discharge power value
to the energy storage systems.

9. A power system comprising:

N direct current coupling systems configured to provide
first electric energy to a load, wherein the N direct
current coupling systems comprises energy storage
systems configured to store second electric energy, and
wherein N 1s a positive integer; and

a primary controller coupled to the N direct current
coupling systems and configured to:

determine expected charging power values of the
energy storage systems 1n the N direct current cou-
pling systems, wherein the expected charging power
values are configured to be provided to the energy
storage systems; and

determine actual charging power of each of the energy
storage systems the N direct current coupling sys-
tems based on the expected charging power value
and first characteristic information of each of the
energy storage systems, wherein the first character-
1stic information indicates a real-time charging/dis-
charging capability of each of the energy storage
systems, and wherein the actual charging power 1s
allocated to each of the energy storage systems.

10. The power system of claim 9, wherein the first
characteristic information comprises at least one of:

a state of charge (SOC) of an energy storage battery in
each of the energy storage unit, systems;

a state of health (SOH) of the energy storage battery; or
a capacity of the energy storage battery.

11. The power system of claam 9, wherein the primary
controller 1s Turther configured to;

determine theoretical charging power of each of the
energy storage systems based on the expected charging
power value and the first characteristic information;

obtain a charging power limit of each of the N direct
current coupling systems, wherein the charging power
limit 1s a limit of power that can be input to each of the
energy storage systems; and

determine actual charging power of each of the N direct
current coupling systems based on the theoretical
charging power and the charging power limut.

12. The power system of claim 11, wherein the primary
controller 1s further configured to determine the theoretical
charging power based on a formula, wherein the formula 1s:
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P (bat (charge (1 1)) )=

P_(bat_(charge sum)) (1- 7 SOC §J _i). [ SOH § _i.

7 CAPACITY T _iy

(> #EF (- FSOCJ _i). £ SOH J _i. [/ CAPACITY J _i JJ ),

wherein P_(bat_(charge (1_1))) represents an i’ theoretical
charging power of an i”* energy storage system in an i”* direct
current coupling system in the N direct current coupling
units systems, wherein P_(bat_(charge_sum)) represents the

expected charging power value, wherein X SOC/ _i repre-
sents a state of charge (SOC) of an energy storage battery in

the i” energy storage system, wherein £ SOB/ i repre-
sents a state of health (SOH) of the energy storage battery,

wherein £ CAPACITY. _i represents a capacity of the
energy storage battery, and wherein 1<1<N.
13. The power system of claim 9, wherein each of the N
direct current coupling systems further comprises an energy
system configured to generate the second electric energy,
and wherein the primary controller 1s further configured to:
determine that a first sum of maximum discharge power
of energy systems 1n the N direct current coupling units
systems 1s greater than a power of the load and is less
than a second sum of the power of the load and
charging powers of the energy storage systems; and

determine to allocate the expected charging power value
to the energy storage systems.

14. A power system comprising:

N direct current coupling systems configured to supply

power to a load and a power grid, wherein each of the
N direct current coupling systems comprises:
an energy system configured to generate first electric
energy;
a direct current bus:
an energy storage system coupled to the energy system
and configured to store the first electric energy; and
an 1nverter system coupled to the energy system and
configured to:
receive, through the direct current bus, the first
electric energy;
perform direct current (DC)-to-alternating current
(AC) conversion on the first electric energy to
obtain a second electric energy; and
provide the second electric energy to the load and the
power grid,
wherein N 1s a positive integer; and
a primary controller coupled to the N direct current
coupling systems and configured to:
determine a remaining power of the energy system,
wherein the remaining power 1s after a correspond-

ing direct current coupling system provides a third
electric energy to the energy storage system and the
load;

obtain an output power limit of each of the N direct
current coupling systems, wherein the output power
limit 1s power that can be output by the inverter
system; and

determine a surplus power on-grid power reference
value of each of the N direct current coupling
systems based on the remaining power and the
output power limit,
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wherein surplus power on-grid power 1s allocated by
the energy system and 1s to be provided to the power
orid.

15. The power system of claim 14, wherein the primary
controller 1s Turther configured to:

determine a surplus power on-grid capability reference

value of each of the N direct current coupling systems
based on the remaining power and the output power
limit, wherein the surplus power on-grid capabaility
reference value indicates a maximum value of power
that can be output by the corresponding direct current
coupling system to the power grid; and

further determine the surplus power on-grid power refer-

ence value based on the surplus power on-grid capa-
bility reference value and a second limit of power that
can be received by the power grid.

16. The power system of claim 15, wherein the primary
controller 1s further configured to determine a smallest value
1in parameters as the surplus power on-grid capability refer-
ence value, and wherein the parameters are:

the remaining power; and

the output power lLimit.

17. The power system of claim 15, wherein the primary
controller 1s further configured to determine the surplus
power on-grid power reference value based on a formula,
and wherein the formula 1s:

P_(on_(grid_(ref i) ) ) =

P (on_(grid i) ) ),

wherein P_(on_(gnd_(ref_1))) represents the surplus power
on-grid power reference value of an i direct current cou-
pling system i1n the N direct current coupling systems,
wherein P_(on_(grid_1)) represents the surplus power on-
orid capability reference value, wherein P_(on_(grid_lmt))
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represents the second limit of power, wherein 2% P_(on_
(grid_1)) represents a sum of surplus power on-grid capa-
bility reference values of the N direct current coupling
systems, and wherein 1<1<N.
18. The power system of claim 14, wherein the primary
controller 1s Turther configured to:
determine that maximum discharge powers of energy
systems in the N direct current coupling systems are
greater than a sum of power of the load and charging
power of energy storage systems in the N direct current
coupling systems; and
determine that an actual charging power allocated to the
energy storage system 1s a charging power limit of the
energy storage system.
19. The power system of claim 18, wherein the primary
controller 1s Turther configured to:
determine power output by the energy system to the load;
and
determine that power remaining after the energy system
outputs the actual charging power to the energy storage
system and outputs the power to the load 1s the remain-
Ing pOWer.
20. The power system of claim 18, wherein the primary
controller 1s further configured to:
determine a second remaining power of a second direct
current coupling system 1n the N direct current cou-
pling systems, wherein the second remaining power 1s
greater than 0 after the energy system outputs power to
the energy storage system and the load; and
determine that the second remaining power 1S power
remaining after the energy system outputs power to the
energy storage system, the load, and a direct current
coupling system 1n the N direct current coupling sys-
tems, wherein the direct current coupling system com-
prises a third remaining power that 1s less than O after
the energy system outputs power to the energy storage
system and the load.
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